The observed bond angles are then used to estimate some of the parameters in the orbits. Use is made of knowledge about nuclear quadrupole interaction in solid K and in the iodine atom to determine further parameters, and in this way a picture of the iodine molecule and its behavior in a crystal is obtained. An interesting possibility which then arises is that the lobes of the wave-function of different iodine molecules do not overlap very strongly because a maximum of one molecule seems to be directed towards a minimum of another. This does not correspond to the usual ideas about bonds, but as the theory passes smoothly from the notion of maximum overlap to this new situation, no discussion is given about how it should be described. It is also seen that the observation of the quadrupole resonance in single crystals of iodine (if this becomes possible) would provide very useful information and checks on the theory.
Introduction
The observation of pure nuclear quadrupole resonances in solid iodine has been reported by a number of authors [1] , who find that there are considerable departures from axial symmetry in the charge distributions near the iodine nuclei. At first sight this is rather surprising, for iodine forms a molecular crystal of I_ molecules, and ine would expect that the charge distributions would show cylindrical symmetry about the I-I bond, as is certainly true for a free I, molecule. An explanation of the origin of this asymmetry has been put forward by Townes and Dailey [2] , who point out that the I-I bond length in the solid is greater than in the free molecule, a fact which can be understood if additional weak bonds are formedinthe crystal, thus weakening the main bond. A study of the crystal structure, see Figs. 1 and 2, shows that the iodine molecules lie in planes which are fairly well spaced, and that in the planes there are two directions for the I-I bond, the different sorts of molecules lying in chains. In Fig. 2 we show an enlarged picture of an iodine molecule with the positions of a pair of nearest neighboring iodines, and if, following Townes and Dailey, we assume that the additional bonds are formed in these directions, it seems fairly clear that the charge distribution near an iodine nucleus will not have an axis of symmetry. The rest of the treatment of this problem by Townes and Dailey is more difficult to understand. They assume that the charge distribution around each of the three bonds made by any iodine has cylindrical symmetry about the bond, so that only one parameter is needed to describe the quadrupole interaction with the charge in each bond (if z is a bond direction S^v/Sx 2 = 8 2 V/8y 2 = -i 8 v/Sz 2 ), and then, because the two weak bonds are of equal length, they weight them
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each with a total charge a and the main bond with l»2a. In this way the total quadrupole interaction of an iodine nucleus is described by two parameters, a and B'fy/Bz , a is found from the anisotropy and 9 v/8z from the magnitude of the interaction. The final step is the.i to show that d^V/Bz^ found in this way agrees with the field gradient expected for a free iodine molecule. Our main criticism of this procedure is that there is no reason to suppose that because the two additional bonds are equal in length they must have equalweight,
nor is there any a priori reason to assume that, apart from the different charges, 0*fy/8z is the same for the weak and strong bonds. This latter assumption becomes plausible if one assumes that the bonds are made of hybridized s and p orbitals, but there is then the difficulty that three bonds in a plane cannot be made from s and p alone. The first criticism can be illustrated very simply (see Fig. 3 ) where the dotted lines now represent the charge densities in the additional bonds in a schematic way. The bonds will clearly have equallengths but they do not set up equal field gradients at a given iodine: we believe that this sort of behavior is more likely to occur than equal gradients.
With these difficulties about the validity of Townes and Dailey's model we decided to try to set up a more specific model, based on the Pauling ideas of directed valence. What is needed is a reasonable description of a free iodine molecule, then a study of how such molecules might come together to form a crystal and finally a calculation of the nuclear quadrupole interaction.
This ambitious programme proves to be too difficult to carry through completely, but quite a lot of progress can be made and a number of useful results obtained.
Since this work was completed another theory about the origin of the anisotropy has been presented by Robinson, Dehmelt and Gordy [3] . This differs significantly from the previous theory and from the one we propose to give. While we do not know which theory is nearest the true solution, we feel that ours has at least a more fundamental approach than the other two and that something of this sort is required, rather than further semi- If (x,y,z) is the position of an electron with respect to a nucleus at the origin, the contribution which it makes to the electric quadrupole interaction is: t r TR197 -9-These relations are not independent since a, , + a.,., + a,. = 0, l»ut a full 11 CO Jj investigation of the quadrupole interaction would determine (3 and X, and then (see Table 1 ) A and 9 which are properties of the free molecule. o There are, however, a number of experimental difficulties in this, so that present information extends only to the magnitude of A,_ and the anisotrcpy | A, . -A-,;, /A, ,, where capital A's mean that the quadrupole interaction is referred to its principal axes (i.e.,A,_ = 0). If we assume that a, ., is small so that the original axes are close to the principal axes, the anisotropy is approximately | a,, -a_ ? |/a__
To get the bond angles right, we see ( Table 1 ) that tan p /X is probably of 2 2 order .45, so taking tan (3 = . 18X the observed value of . 15 for the 2 anisotropy gives X rw .75 and tanp rv .37. Thus, although the theory con- -10-these assumptions it is found that the theoretical anisotropy might be reduced to . 14, depending on the value of \, The observed value can be restored by increasing X slightly, a change which will not affect the main conclusions.
Finally, it is of interest to consider the actual magnitude of the quadrupole interaction. Our equations give:
The measured value of the quadrupole coupling in the solid is 2140 Mc/s so this ratio predicts that the free iodine value should be 2440 Mc/s .
The other thing which can be done is to compare (a.,,) , with the JJ crysiai corresponding value for a free iodine atom, since a free atom will be 
